. Whereas the nuclear isoform was involved in the proper delivery of gurken mRNA in the oocyte, the specificity in vitro, indicating that either essential cofactors like an mRNA chaperone are still missing, or essencytosolic isoform had-quite surprisingly-no effect on mRNA localization but caused the accumulation of Gurtial posttranslational modifications are required to confer the observed RNA specificity. be interesting to see which RNA-binding proteins will be mRNA? Fifth, is the mRNA transport process regulated by synaptic activity? involved in mRNA stability and translational regulation.
fluorescent dye SYTO14 and found two different types the paired stimulation protocol yielded a rapid, increased incorporation of labeled amino acids in denof granules moving in the cytoplasm and dendrites of dritic laminae. The assumption that local protein synthecortical neurons. They identified one of the structures sis might somehow be involved in synaptic plasticity as mitochondria (they contain their own RNA) and prowas further validated by Kang and Schuman (1996) , who posed that the others represented RNA-containing granshowed that application of the neurotrophic factors ules (Knowles et al., 1996), which may potentially move brain-derived neurotrophic factor (BDNF) or neuroalong microtubules. The dendritic delivery rate was trophin-3 (NT-3) to hippocampal slices caused a longfound to be ‫6ف‬ m/min. The same granular appearance lasting synaptic potentiation that was critically depenhas been reported for several dendritic mRNAs by highdent on the rapid synthesis of new proteins. Indeed, resolution in situ hybridization techniques (Racca et This body of experimental evidence, however, did not mRNA into living cells and studied the intracellular distrished any light on the biological role of dendritic mRNA bution of the injected RNA by confocal microscopy. transport and subsequent local translation. By using These authors were the first to observe the formation of hippocampal LTP, a widely studied synaptic model for granules within minutes and followed their subsequent memory, Frey and Morris (1997) were the first to study transport down the processes to the cell periphery. This the influence of newly made proteins in the cell body on microinjection experiment has now also been performed synapse-specific LTP. Their work showed that a weak in neurons by Muslimov and Tiedge who microinjected tetanus that normally induces the early, protein synthesympathetic neurons with radiolabeled BC1 RNA. They sis-independent phase of LTP can elicit its late, protein determined the dendritic delivery rate by autoradiograsynthesis-dependent phase if a strong tetanus had prephy (Muslimov et al., 1997) to be ‫4ف‬ m/min.
viously been applied to a separate synaptic input. This Based on the landmark findings by Ainger and Carson, finding suggested the generation of a short-living neua compelling hypothetical framework was put forward ron-wide "synaptic tag," which seizes the molecules on how mRNA localization could be achieved in an ornecessary to induce late LTP upon subsequent activadered, multistep pathway (Wilhelm and Vale, 1993). It tion. The formation of this postulated synaptic tag, howpredicted (1) the formation of ribonucleoprotein partiever, was found to be independent of new protein syncles (RNP) as a functional complex, (2) the translocation thesis. of these particles to their destinations, (3) the anchoring
In an independent and parallel set of studies, Kelsey of the particles to the local cytoskeleton, and (4) the Martin, Eric Kandel, and their coworkers used an elegant translation of the localized mRNAs. This model gained three-cell culture system (a single bifurcated sensory significant support by the finding that such RNA-conneuron making synapses with two spatially separated taining granules have been visualized in systems as dimotor neurons) derived from Aplysia neurons. With this verse as fibroblasts (Sundell and Singer, 1990) A prerequisite for the model presented is that local We anticipate that the availability of several components of the dendritic mRNA translocation machinery translation of targeted RNAs is under tight control of synaptic activity. However, it is still unclear how these as experimental tools will accelerate the progress in addressing the outlined questions. The possibility of molecular changes in dendritic spines could activate the local translational machinery and how this new protein using well-characterized invertebrate and vertebrate neurons capable of forming functional synapses in vitro synthesis leads to the modification of synaptic efficacy and formation of long-term memory (reviewed by Schuwill help us to understand the physiological role of mRNA transport, localization, and translation. We expect that man, 1999). How do we envision such a regulation? Activation of translation could be-at least in partthis exciting and promising approach will yield interesting insights in the near future. achieved by CPEB increasing the length of poly(A) ϩ tails of dendritically targeted transcripts. CPEB and other translational regulators, in turn, could be activated lo- 
